"Simultaneous bilateral or unilateral carpal tunnel release? A prospective cohort study of early outcomes and limitations
QuickDASH and the Boston Carpal Tunnel Questionnaire. Patients in both groups improved after carpal tunnel release with no difference between groups either at postoperative visit 1 for QuickDASH (p = 0.97) and the Boston Carpal Tunnel Questionnaire (p = 0.86) or at postoperative visit 2 for QuickDASH (p = 0.43) and the Boston Carpal Tunnel Questionnaire (p = 0.34). Patients undergoing bilateral carpal tunnel release had more difficulty only during postoperative days 1 to 2 in opening jars (p = 0.03), cooking (p = 0.008), and doing household chores (p = 0.02). Patients in the two groups did not differ (p > 0.05) in their abilities to perform activities of daily living necessary for personal hygiene or independence on any day during the first seven days following surgery with regard to using the bathroom, bathing, dressing, or eating. Although the most common reason why patients chose bilateral carpal tunnel release was to avoid two surgical procedures (42%), the most common reason why patients chose unilateral carpal tunnel release was concern for self-care (36%).
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Conclusions:
Patients with bilateral carpal tunnel syndrome can anticipate more severe functional impairment during the first few postoperative days with bilateral carpal tunnel release compared with unilateral carpal tunnel release, but limitations beyond postoperative day 2 or 3 are similar for bilateral and unilateral carpal tunnel release.
Level of Evidence: Therapeutic Level II. See Instructions for Authors for a complete description of levels of evidence.
C arpal tunnel syndrome is the most common upperextremity compressive neuropathy, with a prevalence of 3% to 5% in the general population 1 . Of the affected patients, 60% to 70% present with bilateral symptoms and the rest are likely to develop subsequent symptoms in the initially unaffected hand 2, 3 . With more than 500,000 carpal tunnel releases performed in the United States annually 4 , the treatment of median nerve compression represents a substantial societal and economic burden 5 . Despite the high prevalence of symptomatic bilateral median neuropathy, there is a paucity of literature to guide clinical decision-making regarding treatment. In the absence of definitive evidence, many physicians believe that patients are better served by staging the carpal tunnel release procedures. In a recent unpublished survey by the American Society for Surgery of the Hand, 166 (85%) of 195 practicing hand surgeons replied that they performed simultaneous bilateral carpal tunnel release less often or never in patients with symptomatic bilateral carpal tunnel syndrome compared with how often they staged unilateral releases 6 . To date, only one small study conducted by Wang et al. has described patient-rated difficulty in completing activities of daily living after simultaneous bilateral carpal tunnel release 7 . Despite these data, evidence that guides decision-making in the surgical treatment of bilateral carpal tunnel syndrome is lacking.
The primary aim of this study was to compare the postoperative difficulty in performing activities of daily living between patients undergoing unilateral or simultaneous bilateral carpal tunnel release. Our secondary aim was to determine why patients decided to undergo simultaneous bilateral carpal tunnel release. Our hypothesis was that simultaneous bilateral carpal tunnel release would lead to significantly more shortterm impairment, causing bilateral surgery to be a less favorable option.
Materials and Methods
T his prospective, dual-cohort, patient-preference observational study was approved by our institutional review board and was registered with clinicaltrials.gov (protocol 201206073, NCT01961011). The study was performed in accordance with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement. Consecutive patients with the diagnosis of symptomatic bilateral carpal tunnel syndrome with indications for carpal tunnel release were recruited to participate. After giving written consent, participants underwent preoperative physical examination, including the administration of carpal tunnel provocative maneuvers (Tinel sign, Phalen sign, medial nerve compression test), two-point discrimination, and thenar muscle strength testing. Patient history was focused on findings similar to those noted in the validated Carpal Tunnel Symptoms Scale 6 questionnaire 8 . Patients were followed prospectively for a period of one month after surgery. To assess overall upper-extremity disability, we administered the validated shortened form of the Disabilities of the Arm, Shoulder and Hand questionnaire (QuickDASH) [9] [10] [11] . To quantify symptom severity of carpal tunnel syndrome and patient functional status, we administered the validated Boston Carpal Tunnel Questionnaire symptom severity and functional status scales [12] [13] [14] [15] . Both cohorts completed all three validated questionnaires preoperatively (baseline), at their first postoperative visit (seven to ten days after surgery), and at their four-week postoperative visit. To better understand patient rationale for their choice of surgery and to better understand their overall postoperative experiences, we administered a secondary survey at the first postoperative visit. Patients also completed a daily log (see Appendix) rating their difficulties with activities of daily living during the first seven days after surgery.
Participants
Consecutive patients with bilateral carpal tunnel syndrome were enrolled from July 2012 to April 2013 by one of five fellowship-trained hand surgeons (D.A.O., R.P.C., M.I.B., C.A.G, and R.H.G.) at a tertiary-care institution (Fig. 1) . Inclusion criteria were (1) if the clinical examination led to a diagnosis of symptomatic idiopathic bilateral carpal tunnel syndrome, (2) if the patient had failed conservative treatment (which in all cases included a trial of splinting the wrist at night), (3) if the treating physician thought that carpal tunnel release was indicated in both hands, and (4) if the patient had help available at home during the early postoperative period. Patients with one trigger finger indicated for release at the same time as carpal tunnel release on one or both hands were included, but those who needed more than one trigger finger release on either hand or any other concurrent procedure were excluded. Eligible patients were enrolled into one of two groups. After discussion regarding both options, patients chose whether to undergo unilateral or bilateral carpal tunnel release. Consistent with the standard practice of the participating surgeons, therapeutic carpal tunnel injection was not performed on the contralateral hand in patients who chose unilateral carpal tunnel release. The bilateral group included those patients who chose simultaneous bilateral carpal tunnel release and the unilateral group included those who chose unilateral carpal tunnel release on the hand of their choice. Patients in the unilateral group were permitted to continue using a splint on the contralateral extremity not undergoing the surgical procedure during the study period. All surgical procedures were performed with use of a limited palmar incision open carpal tunnel release. Patients were excluded from data analysis if they did not complete their log of activities of daily living or if they missed their first postoperative appointment (n = 22 of 110 enrolled patients).
Procedure
Patients underwent the anesthetic of their choice (local, regional, or general) after discussion with the anesthesiologist. After exsanguinating the arm and inflating the tourniquet, the surgeon made a longitudinal 2-cm incision over the proximal aspect of the palm, distal to the wrist crease, radial to the hook of the hamate. Skin and dermis were sharply divided. The subcutaneous fat was divided and was retracted ulnarly to protect the ulnar neurovascular bundle. Palmar fascia was identified and was divided adjacent to its ulnar border. The transverse carpal ligament was divided perpendicular to its fibers, 3 mm radial to the hook of the hamate to release the median nerve. The antebrachial fascia was released at the proximal border of the transverse carpal ligament. The nerve was inspected underneath the radial flap of the transected transverse carpal ligament. The surgical wound was irrigated with normal saline solution prior to closure of the skin with interrupted nylon sutures. For those patients undergoing bilateral surgery, this procedure was repeated on the opposite wrist. Soft bandages consisting of a non-adhering, petroleum-impregnated gauze, 4 · 4 gauze pad, a cotton undercast padding, and an elastic compressive dressing were then applied around the hand and wrist after injection of 0.5% bupivacaine into the skin and dermis.
During the first postoperative week, patients completed a log in which they recorded their ability to complete typical activities of daily living. Patients rated fifteen activities of daily living each day for seven days following surgery (see Appendix). To assist patients with the performance of hygiene-related activities after surgery, extra-large, latex-free, disposable gloves and disposable wipes were given to patients in both groups at the time of surgery. Patients were instructed to wear the gloves over the operative dressing to provide a protective barrier against fluid and to keep the dressings clean. The disposable wipes were provided to facilitate personal hygiene. Patients were instructed to avoid manual labor and lifting more than 5 kg (10 pounds) for one month after surgery. Other than these restrictions, patients were not given any other functional limitations, consistent with the protocol that we use in clinical practice. All enrolled patients in the unilateral and bilateral groups had a home assistant (typically a spouse or another immediate family member) to help with activities as needed. Patients were not required to use help if they felt able to perform their activities of daily living.
An interim data analysis was conducted after completion of the first postoperative assessment in eighteen patients (eleven in the unilateral group and seven in the bilateral group). On the basis of findings from that assessment, we administered an additional secondary survey to the remaining patients (thirty-eight in the bilateral group and thirty-six in the unilateral group). The new survey queried how patients were able to complete activities of daily living and assessed the factors that led patients to choose either bilateral simultaneous or unilateral surgery. In addition, patients were asked whether or not they Clinical study design flow diagram. CTR = carpal tunnel release and ADL = activities of daily living.
would recommend bilateral carpal tunnel release to those patients who did not have help at home (see Appendix).
Data Analysis
Sample-size analysis determined that forty patients were needed in each cohort to provide 90% power to detect a minimal clinically important difference of 12 points in average QuickDASH scores between groups 11 . On the basis of the estimated mean minimal clinically important difference values (and standard deviation) of data on the Boston Carpal Tunnel Questionnaire and activities of daily living scales, this number of enrolled patients was sufficient for statistical analysis of both the Boston Carpal Tunnel Questionnaire and the activities of daily living scores. QuickDASH scores were calculated with use of the standard QuickDASH scoring algorithm to provide a score from 0 to 100 points (0 points indicate no disability and 100 points indicate maximum disability). The Boston Carpal Tunnel Questionnaire syndrome severity score and function severity score were calculated with use of each patient's mean rating, producing a scale of 1 to 5 points (1 point indicates no symptoms and 5 points indicate maximum severity) 12 .
A two-tailed independent t test was used to compare the differences in the QuickDASH and the Boston Carpal Tunnel Questionnaire symptom and functional severity scores between the unilateral and bilateral groups. The difference between groups in each specific activity of daily living was analyzed for each of the seven postoperative days with use of the Mann-Whitney U test. Chi-square tests were used to determine if there was a difference in help needed to perform activities of daily living after surgery. We reported descriptive statistics on the results of the secondary survey.
Study data were collected and managed using REDCap (Research Electronic Data Capture) tools hosted in the Biostatistics Division of Washington University School of Medicine. REDCap is a secure, web-based application designed to support data capture for research studies 16 .
Source of Funding
There was no source of external funding for this study.
Results

A
total of 110 patients with bilateral carpal tunnel syndrome were enrolled. No patient eligible for enrollment declined to participate. Of the 110 patients, fifty-three underwent unilateral carpal tunnel release and fifty-seven underwent bilateral carpal tunnel release. A concomitant trigger finger release was performed in three patients (6%) who underwent unilateral carpal tunnel release and in two patients (4%) who underwent bilateral carpal tunnel release. Twelve patients (23%) in the unilateral group and ten patients (18%) in the bilateral group did not complete their activities of daily living logs or did not achieve an appropriate duration of follow-up. A total of fortyseven patients in the bilateral group and forty-one patients in the unilateral group were included in our final analysis. Sex, baseline carpal tunnel severity, and baseline upper-extremity impairment were similar between the two groups (Table I) .
Complications
Postoperative complications were similar in both groups, with the most common complication being scar tenderness or pillar pain (pain along the thenar and hypothenar eminences) (33% in the unilateral group and 28% in the bilateral group). There were no hospital readmissions, infections, or wound complications. Three patients in the bilateral group had corticosteroid injections for postoperative trigger finger. One patient in the unilateral group had persistent symptoms in the involved hand that ultimately required revision carpal tunnel release. Although no patients in the bilateral group reported severe nocturnal symptoms or nighttime awakenings in the first month after surgery, nine patients (22%) in the unilateral group reported that they had had severe sleep disturbance due to symptoms from the hand that had not undergone surgery.
Patient-Rated Outcomes
There were no significant differences (p > 0.05) in the Boston Carpal Tunnel Questionnaire symptom severity scores, the Boston Carpal Tunnel Questionnaire functional severity scores, or the QuickDASH scores at either the first or second postoperative visit between patients undergoing bilateral carpal tunnel release and those undergoing unilateral carpal tunnel release (Table II) . All three measures of disability and severity improved from baseline at each subsequent postoperative visit.
Difficulty in Performing Activities of Daily Living
When comparing the activities of daily living necessary for personal hygiene and independence (see Appendix), there were no significant differences (p > 0.05) in patient-rated difficulties during any of the seven days following surgery. There were also no significant differences (p > 0.05) in other tasks such as using the computer, carrying groceries, shopping, writing, holding a book, holding a phone, and buttoning (see Appendix 
Secondary Survey
Data were collected for thirty-six patients (88%) in the unilateral carpal tunnel release group and thirty-eight patients (81%) in the bilateral carpal tunnel release group after the first postoperative visit. In response to the secondary survey, patients most commonly cited the desire to avoid two surgeries followed by the desire for immediate symptomatic relief in both hands as the reasons why they chose bilateral carpal tunnel release (Table III) . The most important factors influencing a patient's selection of unilateral carpal tunnel release related to the concern about independent self-care following surgery.
Of those who underwent bilateral carpal tunnel release, twenty-four patients (63%) would not recommend bilateral carpal tunnel release if help at home was not available. Patients also reported that the availability of help at home (71%) and latex-free gloves and plastic bags for protection of their dressings (63%) were helpful in performing activities of daily living Unilateral carpal tunnel release (n = 36) Felt that symptoms were not severe in the opposite hand 8 (22%) Did not want to be burden some on family 2 (6%) Worried about practically caring for self 13 (36%) Worried about needing help with personal hygiene 12 (33%) Other 1 (3%) (Table IV) . During the first postoperative week following surgery, there was higher frequency in the utilization of help with regard to hygiene-related activities for patients undergoing bilateral carpal tunnel release (45%) compared with patients undergoing unilateral carpal tunnel release (22%) and with regard to non-hygiene-related activities for patients undergoing bilateral carpal tunnel release (79%) compared with patients undergoing unilateral carpal tunnel release (56%) ( Table V) .
Discussion
T his study was designed to determine the impact of simultaneous bilateral or unilateral carpal tunnel release on the level of patient-reported difficulties with activities of daily living in patients with bilateral carpal tunnel syndrome. Our data show that patients with bilateral carpal tunnel release have difficulties with specific activities of daily living in the first two days following bilateral carpal tunnel release, but by postoperative day 3, their self-reported activities of daily living performance is equivalent to that of patients with unilateral carpal tunnel release. In addition, patients in both groups experienced a similar decrease in upper-extremity disability (as measured by the QuickDASH) and in carpal tunnel-related disability (as measured by the Boston Carpal Tunnel Questionnaire) at ten days and one month after surgery.
Few studies have investigated patient function after simultaneous bilateral carpal tunnel release. Weber and Boyer performed a retrospective study in which patients undergoing simultaneous bilateral carpal tunnel release or sequential unilateral carpal tunnel release were asked at two to three years after surgery to recall their difficulties with activities of daily living in the early postoperative period 17 . Although levels of function were similar in the two groups, those who had undergone simultaneous carpal tunnel release were less willing to endorse the procedure than those who had had staged operative procedures. Fehringer et al. reviewed outcomes after simultaneous and staged endoscopic bilateral carpal tunnel release and found that there was no difference in overall patient satisfaction between groups 18 . However, the simultaneous carpal tunnel release group returned to full-duty work more quickly than did the staged carpal tunnel release group. Although these two prior retrospective investigations indicate that simultaneous bilateral carpal tunnel release may lead to similar levels of patient satisfaction when compared with staged bilateral carpal tunnel release, concerns regarding both patient selection and patient recall of postoperative function limit the generalizability of the findings.
In a prospective study, Wang et al. reported on a series of twenty patients undergoing simultaneous bilateral carpal tunnel release in which patient-rated difficulties were assessed in performing fifteen different activities of daily living during the first postoperative week 7 . The authors reported that patients were highly satisfied with carpal tunnel release and, on average, returned to work within three weeks after surgery. In our study, patients with simultaneous bilateral carpal tunnel release had a degree of patient-rated difficulty in completing activities of daily living that was comparable with that reported by Wang et al. 7 . However, we noted several substantial differences. Patients in our bilateral group found that activities associated with heavier lifting and gripping were more difficult to perform during the first two postoperative days (see Appendix). For other activities, including those needed for independence (bathing, using the bathroom, performing personal hygiene, eating, dressing, and driving), patients in both groups reported similar levels of difficulty in performing the measured activities at any time point during the follow-up interval.
There are several potential explanations for the similarity in early results in the two groups. Patients with unilateral carpal tunnel release may be impaired by symptoms in the untreated hand, which are exacerbated by the increased use of this hand postoperatively. Wintman et al. showed previously that postoperative satisfaction is greater in patients who had preoperative night symptoms and activity-induced paresthesia, compared with those patients with wrist, hand, or forearm pain; constant numbness; hand weakness; hand clumsiness; or difficulty with work-related tasks 19 . Thus, with continued symptoms in the hand yet to undergo surgery, patients may still experience disrupted sleep and functional difficulty associated with persistent nerve compression. In this study, we did not perform corticosteroid injection in the contralateral carpal tunnel while performing unilateral carpal tunnel release. In our practice, this type of injection has been mostly reserved for diagnostic purposes, although it may offer a useful adjunct if staging carpal tunnel releases. We provided extra-large, latex-free, disposable gloves and disposable wipes to patients in both groups. Most patients found these to be important assistive tools for performing personal hygiene-related activities in the first week following surgery (Table V) . These care-related adjuncts may have mitigated the potential additional impairment associated with presence of bulky soft bandages on both hands after bilateral carpal tunnel release. Finally, most patients in both groups needed help at home during the initial postoperative period. For patients in the bilateral carpal tunnel release cohort, personal assistance appeared to be an especially important factor, as the majority of these patients stated that they needed help with both hygiene and non-hygiene-related activities (Table V) . Furthermore, most patients undergoing bilateral carpal tunnel release would not recommend bilateral carpal tunnel release to patients who did not have help at home (Table V) . Nonetheless, one-third of patients still recommended bilateral release to patients who did not have help at home. Patients in the bilateral cohort showed a small and definable heightened level of early difficulty in performing activities of daily living with no demonstrable increased difficulty thereafter.
There were several limitations to our study. Owing to our prospective, dual-cohort, non-randomized study design, there may be patient-specific factors that predicted choice of simultaneous or consecutive bilateral carpal tunnel release. Patient employment status, age, availability of assistance at home, motivation to return to activity, symptom type, and comparative severity of symptoms in each patient's hands are factors that may not have been evenly distributed between the groups, as the study was not randomized. We did not record the amount of time that anesthesia effects persisted in the hands or upper extremities of study patients after administration of a local or regional anesthetic at the time of surgery. Therefore, we were unable to determine if there was a difference in total anesthesia time between groups and if this difference could have affected function, especially in the first day or two after surgery. Through use of a postoperative survey, we asked patients to comment on their reasons for choosing unilateral or bilateral carpal tunnel release after they had already undergone surgery; it is possible that their responses may have been affected by recall bias. Finally, although patients in both groups demonstrated similar rates of difficulty with activities of daily living during the first postoperative week, there were significant differences in the percentages of patients with regard to assistance with hygiene-related activities of daily living (p = 0.04) between the bilateral carpal tunnel release cohort (45%) and the unilateral carpal tunnel release cohort (22%) and with regard to assistance with non-hygiene-related activities of daily living (p = 0.03) between the bilateral carpal tunnel release cohort (79%) and the unilateral carpal tunnel release cohort (56%). It is possible that these disparities may have masked a difference in impairment level between the two cohorts that would have otherwise been observed had assistance not been available.
The results of this study have changed our practice in the treatment of patients with bilateral carpal tunnel syndrome. We now routinely offer and perform simultaneous bilateral carpal tunnel release in patients who have substantial bilateral symptoms.
